Introduction
Recently we found that (pentafluorophenyl)-xenon(II) hexafluoroarsenate [CöF5Xe]+ [AsFö]-reacted easily with xenon difluoride and FLO in HF to yield (pentafluoro-l,4-cyclohexadien-3-onl-yl)xenon(II) hexafluoroarsenate [1] , In order to prove the scope of the synthetic use of this new powerful oxygenating reagent, the interaction with pentafluorobenzene derivatives C6F5X containing electron-donor as well as electron-acceptor sub stituents was investigated. * R eprint requests to Prof. Dr. H. J. Frohn.
Results
Treatment of hexafluorobenzene 1 with XeF? in HF containing 1.5 equivalents of H20 caused im mediate xenon evolution and formation of hexafluoro-1,4-cyclohexadien-3-one 2 (major prod uct) and hexafluoro-4,5-epoxycyclohexen-3-one 3 (minor product) (Table I) . 3 was the product of fur ther oxygenation of 2 as could be shown in a separate experiment.
It was expected that the reaction of pentafluorobenzenes CfiFsX will lead to isomeric polyfluori nated cyclohexadienones, and that their ratio should depend on the nature of the substituent X. For determination of its directing effect, compounds C6F5X were allowed to react with a slight excess of xenon difluoride and H20 in HF at room tempera ture (r. t.). It was found that chloropentafluorobenzene 4 was converted into 1-chloropentafluoro-1,4-cyclohexadien-3-one 5 and 1-chloropentafluoro-1.4-cyclohexadien-6-one 6. Under similar condi tions octafluorotoluene 7 underwent oxygenation to give perfluoro-1 -m ethyl-1,4-cyclohexadien-3-one 8 and its isomer 9.
Interaction of bromopentafluorobenzene 10 with XeF2 and H20 in HF gave 1-bromopentafluoro-1.4-cyclohexadien-3-one 11 and its isomer 12, but simultaneously ring fluorination occurred to yield 1 -bromoheptafluoro-1,4-cyclohexadiene 13 besides traces of unidentified non-aromatic products. It is noteworthy that this is the only example of fluori nation of the aromatic ring with XeF2 in HF in the A more complex reaction was observed with pentafluoroanilinium hexafluoroniobate 14 which was obtained by dissolution of pentafluoroaniline 15 and NbF^s in HF. Under the action of XeF2 and H2O the colourless solution of 14 became im mediately deep-purple. Gas evolution took place at r. t., but after 1 h 14 was still the major com ponent of the reaction mixture. According to the i9F NMR spectrum one of the minor products was presumably (pentafluoro-l,4-cyclohexadien-3-on-l-yl)am m onium hexafluoroniobate with the fol lowing assignments of l9F resonances at -103.7 (F-2,6,6), -130.0 (F-4) and -150.1 (F-5) ppm. Tak ing into account that the protonation of 15 is a re versible process even in strongly acidic media, the result may be explained by interaction (fast reac tion) of the electrophilic oxygenator with the neu tral substrate 15. To overcome the problem of re versible protonation we performed the oxygenation of 16a and 16b. Solutions of both salts 16a and 16b in HF showed equal l9F chemical shifts of carbon bonded fluorine atoms at -136.1 (F-2,6), -145.9 (F-4) and -155. Despite of some formal similarities to pentafluorophenylxenonium salts, pentafluorobenzenediazonium hexafluoroniobate did not react with XeF2 and H2O in HF at r. t. within 4 d.
The results show that the oxygenation of polyfluorinated benzenes CöF^X occurs only at carbon atoms bonded to fluorine. However, when pentafluoroiodobenzene 19 was treated with 2 equiva lents of XeF2 and H2O (1.5 equivalents) in HF pentafluorophenyliodine difluoride 20 and pentafluorophenyliodine tetrafluoride 21 were obtained. The different reaction pattern is not surprising if we take into account that the oxidation products of pentafluoroiodobenzene, CftF^IO and C6F5IO2, easily un dergo fluoridation in anhydrous HF [3] . C 6F sI + X e F , + H bO t HFV " > -z r .t . , -X e
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Reaction of pentafluorobenzene 23 with XeF2 and H2O in HF showed oxygenation in the orthoand meta-positions to the hydrogen atom under for mation of pentafluorocyclohexadienones 24 and 25. However, additionally a substantial amount of hexaliuorocyclohexadienone 2 and traces of tetrafluoro-1,4-benzoquinone 26 were found. Formally 2 is the product of the electrophilic displacement of the hy drogen atom by the OH group with following oxy genation of the intermediate pentafluorophenol 27. Evidently, 27 reacts readily with XeF2 and H2O in HF to give 2 and traces of 3 and 26.
C6F5H + XeF2 + H20
C6F5OH + X eF2 + H20
27
The formation of 2 from 27 means that the oxy genation occurred at the carbon atom bonded to the hydroxy group rather than at the C-F fragments, al though the presence of 26 indicates additionally the electrophilic attachment of OH to carbon C-4.
Trifluoroethoxypentafluorobenzene 28 gave the trifluoroethoxypentafluoro-1,4-cyclohexadienones 29 and 30. In addition, 2, 26 and CF3CH2OH were present in the reaction mixture in 1 : 1 : 2 molar ratio; besides traces of CF3C (0 )0 H .
Obviously, trifluoroethanol was produced by dehydroalkoxylation of the CF3CH2O-C-OH moiety in the intermediate products to give 2 and 26. The polyfluorinated alkoxybenzene 28 itself is stable in HF.
In our previous publication [1] we reported the epoxidation of one of the carbon-carbon dou ble bonds of (pentafluoro-l,4-cyclohexadien-3-onl-yl)xenon(II) and (heptafluoro-l,4-cyclohexadienl-yl)xenon(II) hexafluoroarsenates. The general scope of this process now could be demonstrated by conversion of 2 into 3.
XeF2 + H20
The l9F NMR spectrum of 3 in HF shows res onances at -109.3 (F-6A), -122.9 (F-6B), -132.9 (F -l), -148. The deshielding of the F-l resonance in HF rela tive to CH2CI2 hints at partial protonation of the carbonyl group in strongly by acidic media. Similar phenomena of deshielding in HF relative to CH2CI2 are also observed in the case of other polyfluorinated cyclohexadienones (Table II) . The resonances of F-4 and F-5 of 3 are less sensitive to change of solvent from neutral CH2CI2 to acidic HF, which can be ex plained by the assumption that the epoxide moiety is not protonated in HF.
Discussion
The results show that the electrophilic oxygena tion of pentafluorobenzene derivatives C6F5X (X = F, Cl, Br, CF3, NH3+, NM e3+, Xe+, H, OH, OCH2CF3) with xenon difluoride and water in HF is a general reaction as well as the epoxidation of the carbon-carbon double bond of polyfluorinated cyclohexadienes.
Replacement of one fluorine atom in C6Fö by the stronger cr-acceptors X = CF3, NMe3+, Xe+ does not influence the reaction course whereas the introduction of the diazo group which is the electron density of the aromatic ring. Previously we strongest a-and 7r-acceptor prevents the oxy-assumed that the key reactive species in the oxy genation of the pentafluorophenyl ring. The sub-genation with xenon difluoride and water in HF stituents X = OH and X = OCH2CF3 are a-is the electrophile [HOXe]+-[FHF]~ or a strucacceptors and 7r-donors, and compounds Q F^O H turally related xenon-oxygen intermediate which is and C6F5OCH2CF3 are found to react readily with the chemical equivalent of the "HO+" cation [1] . XeF^ and H2O in HF, suggesting that the oxygena-
The most probable precursors of the polyfluorotion of polyfluorobenzenes is determined by the 7r-cyclohexadienones are the benzenonium cation A or the neutral hydroxydiene B, which undergo fast dehydrofluorination of the F-C-OH moiety. An alternative pathway via the initial fluorina tion of C6F5X to hexafluorobenzenonium cations [C6F6X]+ and their reaction with the neutral nucle ophile H20 can be rejected. This conclusion is based on the sufficient difference between the experi mentally observed isomer distribution of dienones 1-XC6F50 (X = H, Cl, Br, OH) (Table III) and the pattern expected from the equilibrium ratio of cations [C6F6X]+ [4a]. Moreover, the nucleophilicity of H20 in HF is very low. The formation of substantial amounts of polyfluorinated cyclohexadienes is to be expected because of the large excess of HF and [F(HF)n]_ anions. The only example where fluorination was obtained was the reaction of bromopentafluorobenzene. However, the appearance of 13 can be rationalised via the intermediate gener ation of pentafluorophenylbromine(III) derivatives, which undergo rearrangement to 13 under the action of HF as a Lewis acid. Treatment of pure pentafluorophenylbromine difluoride CöF^BrF? with an hydrous HF at -40 °C gave 13 (major product), 10, 3-bromoheptafluoro-l,4-cyclohexadiene and 1-bromononafluorocyclohexene (minor products) and these compounds were also obtained in the presence of 2 equivalents of H20 [5] . Pentafluorophenyliodine(III.V) derivatives 20 and 21 are stable in HF, and they are the final products of the interaction of 19 with XeF2 and H20 in HF.
The fast and irreversible dehydrofluorination of intermediates A or B shows the kinetic control of the oxygenation of polyfluoroaromatic compounds. Parallel to the increase of the electron-withdrawing effect of substituent X from X = Br to X = Xe+ the tendency of the electrophilic OH group to attack preferably the meta-position to X increases. Sub stituent X = OCH2CF3 is a weak cr-acceptor and weak 7r-electron donor. Therefore, the oxygenation of 28 occurs at all carbon atoms of the pentafluorophenyl ring although isomerisation cannot be ex cluded in this case 14c]. The main site of oxygena tion of pentafluorophenol is carbon C -1. The forma tion of traces of tetrafluoro-l,4-benzoquinone indi- Table III cates the negligible contribution of the OH attach ment to carbon C-4. It should be noted that the reac tion of 27 with xenon difluoride in HF gives roughly equal amounts of 2 and isomeric pentafluorophenoxycyclohexadienones [6] which were not formed in the reaction of 27 with XeF2 and H20 in HF. The fact, that we find no pentafluorophenoxycyclohexadienones as oxidation products of intermedi ate polyfluorophenols in the electrophilic oxygena tion allows to exclude the radical hydroxylation of polyfluorinated benzenes (c f [4b]), because in this case the formation of C ,0 dimers of ArO-radicals like pentafluorophenoxycyclohexadienones should be expected [4b].
It is interesting that the electrophilic oxygena tion of pentafluorobenzene was mainly directed to C-F fragments rather than to the C-H bond. This result is in contrast to the electrophilic nitration of C6F5H with HNO3 -CF3SO3H -B (0 S 0 2CF3)3 [7] or HNO3 -SbFs -HF [4] , where nitropentafluorobenzene was the only product. It should be mentioned that the attachment of the NO? group in meta-position to hydrogen occurred to a small extent in the reaction of C6F5H with HNO3 in HF, however the nitrodeprotonation predominated [4] , Nevertheless, there is a partial similarity between electrophilic oxygenation (formal primary step: hydroxyfluorination) and nitrofluorination of pentafluorobenzenes CftF^X as shown by comparison of data presented in Table III and Table IV . No simi larity between the two processes can be observed in the case of oxygen-containing substituents X. The main site of attachment of the nitro group to C6F5X (X = OH, OCHF2 or OCftFs) is carbon C-4, whereas the electrophilic oxygenation of C6F5OH and C6F5OCH2CF3 proceeds predominantly at car bon atom C -l. These distinctions point out the dif ference of mechanisms of both electrophilic reac tions which require further investigations. (Table II) .
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